Abstract
Introduction

34
The Hox genes are an ancient family of transcription factor-encoding genes that play a conserved role in position. Specifically, we compared the PGC number per hemisegment and per embryo, as well as the although this was not accompanied by transformation of gnathal appendages to a thoracic identity (n=36;
123
Fig. 2L), as is often observed upon Scr knockdown in other insects (e.g. 40, 41) . Gb-Scr eRNAi did, 124 however, result in an increase in PGC number as well as a significant number of segments bearing PGC 125 clusters in A2-A4 relative to controls ( Fig. 2A-B, F-G) . Furthermore, the total number of PGCs per embryo 126 increased significantly relative to control injections (Fig. 2K ).
127
eRNAi against Gb-Antp, similarly to the Gb-Scr eRNAi treatment, did not result in a homeotic 128 phenotype (n=14; Fig. 2L ). However, our qPCR results showed that this treatment was also sufficient to
129
reduce Gb-Antp transcripts (Fig. S4) . Gb-Antp eRNAi significantly increased the proportion of segments 130 bearing PGC clusters in A1-A4, and also increased PGC number in A2 (Figs. 2C, H) and overall (Fig. 2K ).
7
PGC clusters in A3 (Figs. 2E, J and K) . Together, the results of these single Hox gene knockdowns 146 suggest that Gb-Scr and Gb-abd-A represses mesodermal transformation to PGCs in A2-A3, and that In arthropods, Hox genes often work in concert to either activate or repress transcriptional targets (reviewed in 2). Therefore, we explored the possibility that the aforementioned Hox genes could be acting 150 together in the context of PGC specification. We predicted that if a combination of Hox genes worked 151 together to modulate PGC formation, a double knockdown of these genes would result in unique PGC 152 defects relative to the defects observed in the single knockdowns discussed above. To test this 153 prediction, we systematically injected embryos with equal amounts of dsRNA targeting each pairwise 154 combination of these posterior G. bimaculatus Hox genes (Table S1 ).
155
Unexpectedly, all double eRNAi treatments that involved Gb-Scr dsRNA as a partner resulted in 156 embryonic lethality one day after injection (Table S1 ). We therefore could not study its interaction with the 8 per embryo compared to controls was not statistically significant (Table S3) . Comparing these results to the Gb-Ubx and Gb-abd-A single knockdowns suggests that Gb-abd-A alone is restricting PGC formation phenotype (data not shown). However, the effect on PGC formation in these embryos was striking: A1-A6 significantly more PGCs in A2-A4, and overall. Comparing this double knockdown to the single Gb-Antp
181
and Gb-abd-A knockdowns revealed that the PGC increase caused by Gb-Antp eRNAi alone (Fig. 2H) 
182
was slightly suppressed in A2 (Fig. 3C) , revealing a potential role of Gb-Antp in repressing Gb-abd-A's 183 ability to promote PGC formation in A2. Furthermore, this double knockdown provided evidence that Gb-Together, our results provide evidence for a Hox "code" specific to the formation of PGCs in G.
186
bimaculatus abdominal segments (Fig. 4) . We also propose that this "code" is at least partially separate 187 from that encoding segmental identity, as the resulting Hox embryonic homeotic phenotypes do not 188 always correlate with PGC positioning defects. For example, when we repress Gb-abd-A via eRNAi, A2-
189
A3 bear pleuropodia-like appendages (Figs. S5, S6 ). In wild-type embryos, the pleuropodia are on A1,
190
and thus we might expect that in this eRNAi condition, A2-A3 are transformed to an A1 identity. As the A1 191 segment generally lacks PGCs (4, 5), we should not observe PGCs in these segments in Gb-abd-A 192 eRNAi injected embryos. However, we see an increase in PGCs in these segments in this condition (Fig. 
193
2J). In another example, Gb-Ubx+Gb-abd-A eRNAi embryos bear ectopic leg-like structures on all
194
abdominal segments (Fig. S5E) . Being that G. bimaculatus wild-type embryos lack PGCs on their leg-195 bearing (thoracic) segments (4), we might expect an absence of Hox genes in A2-A4 in this eRNAi 196 condition. However, we instead see an increase in the presence of PGCs in these segments (Fig. 3B ).
197
Hox codes that are used to pattern organs outside of the primary antero-posterior axes of animals 
206
Our results suggest that Hox genes may play an indirect role in PGC specification. As has been 207 suggested in the case of mouse PGC specification (7, 8, 55) 
217
However, in situ hybridization did not show enhanced expression of either gene in cells adjacent to PGCs 218 in A2-A4 (Fig. S8) . These data suggest that either the gonad primordia are specified at later stages, or 219 that these genes are not used to specify gonad primordia in G. bimaculatus. Further work will thus be 220 needed to determine whether the increase in PGCs induced by many of the Hox eRNAi conditions is at 221 the expense of mesoderm that would have been fated to be somatic gonadal cells in wild type embryos.
222
As in other animals with discrete gonads, arthropod PGCs must meet with somatic gonad cells 223 and end up in a specific location in the body to form a functional gonad. In arthropods, the location of the 224 gonad and often the location of PGCs when they first arise, is tied to specific body segments. In insects
225
like Drosophila, where PGCs form much earlier than Hox gene activation and must migrate to the 226 primordial gonad, the somatic gonad precursors rely on Hox genes to form in specific segments (28) . In the stick insect Carausius morosus, PGCs are thought to originate as a long cluster spanning multiple 230 segments, before ultimately becoming confined to the gonads within specific segments (reviewed in59).
are situated in the opisthosomal segments 2-6 (60). Taken together with the functional genetic data 233 presented here, we suggest that assigning the PGC-bearing segments may be an ancestral role for Hox 234 genes in arthropods.
236
Materials and Methods
237
All Hox genes were cloned using a previously published G. bimaculatus transcriptome (61). The predicted 238 translations of the resulting sequences were subjected to phylogenetic analysis to corroborate orthology
239
( Fig. S2 ). Animal husbandry, eRNAi (Table S1 ), embryonic staging, cloning and qPCR ( 
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Phylogenetic Analysis use as an outgroup) were retrieved from GenBank. These 119 sequences were used to make an 452 alignment using MUSCLE (63) with eight iterations. The Smart Model Selection program (64) was used to 453 find the best matrix for use in constructing the phylogeny (VT; AIC=164894.36226) and the best to construct a maximum likelihood tree using PhyML (65). This resulted in a tree with a log likelihood of -
456
81351.14064 (Fig. S2) .
458
Quantitative PCR
459
Anterior abdominal segments A1-A5 were dissected from control or Hox gene eRNAi-treated embryos
460
(n=5 per treatment for 2.5d and n=3 per treatment for 4d) using fine tungsten needles or fine forceps, and 461 segments were pooled into single tubes. Total RNA was extracted using Trizol (Life Technologies)
462
following the manufacturer's directions. RNA pools were divided into two samples and each half was 463 reverse transcribed to prepare cDNA using SuperScript III (Invitrogen). A no-reverse transcriptase control 464 was performed in parallel for each sample. Each cDNA was divided into three replicate samples and used
465
for qPCR. An MxP3005 machine (Stratagene) was used for qPCR as previously described (5). Relative 466 transcript ratios in the qPCR study were calculated from experiments performed in triplicate and are
467
shown as mean±s.d. in Fig. S4 . The housekeeping gene G. bimaculatus β-tubulin was used as an 555   556   Table S1 : Embryonic RNAi injection statistics. 
558
